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ABSTRACT
In some cases, a communication session between a satellite and a ground station can be interrupted during the frame
reception. Despite the fact that strong FEC (Forward Error Correction) codes such as turbo codes are used to protect
frames from errors they are unable to recover the data in the case when the received frame is incomplete. As a result,
incomplete frames are lost even if they contain critical mission data. In this paper, we propose a modification to
turbo encoding and decoding algorithms which provides an ability to recover incompletely received data frames. The
proposed modification causes a negligible rate loss and only a slight increase in encoder and decoder complexity.
The proposed algorithm is based on segmentation of the information frame into sub-frames and calculation and
insertion of terminations bits after each sub-frame during the encoding process. The inserted termination bits help
the ground station decoder to recover the incomplete frames. This modification can be used in any turbo
coding/decoding system since it can be realized as a slight adjustment to the maximum a posteriori probability
(MAP) decoding algorithm (standard turbo decoder) and hence it does not require any additional hardware. The
proposed algorithm has been tested on Consultative Committee for Space Data Systems (CCSDS) turbo codes of
rates 1/2 and 1/3 with information frame length of 1784 bits. For incomplete frames which are 1700 bits long the
modified decoder provides a 20dB performance gain over the standard turbo encoding/decoding algorithm.

in August 2004. Turbo codes are a rate adaptable error
coding scheme which can operate very close to
Shannon capacity limit when large specially designed
interleavers are employed. However, successful
decoding of information encoded by a turbo code
requires reception of the entire frame. This is due to the
nature of the forward-backward algorithm used in turbo
decoding.

1 - INTRODUCTION
Turbo codes play a major role in the channel error
correction schemes used in wireless communication.
These codes emerged in 1993 [1] and since that time
they dominate the research in error control coding
together with low-density parity-check (LDPC) codes
invented by Gallager. Due to their remarkable
performance, turbo codes are being accepted to large
variety of standards by many organizations such as
CCSDS [2],[3],[4],[5] to be used in satellite channel
coding. Turbo codes have been proven successful in
many space missions including SMART-1 launched in
September 2003, and NASA’s MESSENGER, launched
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For Low Earth Orbit (LEO) satellites, communication
session is typically short and its duration is based on the
satellite’s orbit. Therefore, in some cases, a
communication session between the satellite and the
ground station can be interrupted during the reception
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are provided in Section 3. Finally, conclusions are
given in Section 4.

of a frame. In this case the data frame which is received
is incomplete, i.e. a part of the frame is cut out. In this
case the standard turbo decoder usually fails to recover
the last frame. The last frame often contains the critical
data from which the reason of system’s malfunctioning
can be understood. Therefore, recovery of the last frame
is essential. The problem of incomplete frame recovery
is stated in CCSDS Green Book [6] as an important
unsolved problem. One example of a situation when the
last frame is incompletely received is graphically shown
in Figure 1. The satellite passes over the ground station
in one of his ground track passes during that day. Once
the communication session starts the ground station
begins to receive coded frames. Suddenly the ground
station loses satellite and the communication session is
interrupted. For LEO satellites the time between
sessions (revisit time) may be 12 hours or more based
on satellite’s altitude and orbit inclination. Thus the
automatic repeat request (ARQ) protocol cannot be
applied to resend the last frame. In addition most of the
satellites use cyclic recording which overwrites the old
data collected in the previous session. Therefore, the
only solution to recover the incomplete frame is to
modify the algorithm of encoding/decoding and have
additional processing in the ground station to recover
the frames.

Figure 1: Satellite Orbit and its Communication
Session Period
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In this paper, we propose a modification to turbo
encoding and decoding algorithms. These modifications
provide an ability to recover incompletely received
frames with acceptable bit error rate. The proposed
modifications cause a negligible rate loss and a slight
increase in encoder and decoder complexity. The
proposed encoding algorithm is based on segmentation
of the information frame into sub-frames and
calculation and insertion of the terminations bits after
each sub-frame during the encoding process. The
inserted termination bits help the decoder at the ground
station to recover the incomplete frames. The
considered modification can be applied to any turbo
decoding system since it can be realized as a small
change to the maximum a posteriori probability (MAP)
decoding algorithm (standard turbo decoder) and does
not require any additional hardware [7]. Simulation
results demonstrate that the new algorithm can recover
the frame with bit error rate (BER) up to 10-5 in case
when more than 80% of the frame is received. The
effect of rate loss or increase of encoder and decoder
complexity is negligible since proposed modification
concerns termination bits only. The proposed algorithm
has been tested on CCSDS turbo codes where
component encoder polynomials are given by (1). We
considered rate 1/2 and 1/3 codes of length 1784 bits.
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2 - PROPOSED ENC/DEC ALGORITHM
Traditional encoding algorithm does not allow turbo
decoder to recover uncompleted frame because of the
sensitivity of turbo decoding to the termination bits
added to the end of the frame. Termination bits help the
MAP algorithm to have a start and end point to start
tracing the trellis back and forth to decode the block of
data. Therefore, if the termination bits are lost, it is very
hard to recover the data frame. The other problem is the
effect of the interleaver where some of the bits are
permuted to the lost part. To address this issue the
termination bits can be calculated periodically during
the frame encoding and before reaching the end of the
frame, and periodically inserted into the frame to be
transmitted. In this case, the uncompleted frame that is
received can be recovered. Equation (2) provides the
exact formula for the code rate when the proposed
algorithm is applied.
Code rate
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where K is the code dimension, i.e. the length of the
information block to be encoded; m is the encoder’s
constraint length; R = 1/r where “r” is the code rate; 
is the number of the termination bit insertions
throughout the frame.

This paper is organized as follows. The proposed
algorithm is presented in Section 2. Simulation results
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For length 1780 a convenient choice for parameter a is
a = 7, which means that we will calculate the
terminations seven times throughout the frame starting
from specific length Fc. The encoder starts to encode
the frame and the frame bit counter is incremented until
it reaches Fc. Then, the first termination bit tuple T1 is
calculated. The encoder proceeds in the same manner,
encodes the second sub-frame of the data, calculates the
second termination bit tuple T2, and so on until it
reaches the end of the frame and calculates the final
termination tuple Tn. The termination calculation
process is done in parallel with the information
encoding, which means that where is no need to start
from the beginning to calculate each termination tuple.
After completion of the encoding of the entire frame the
parts are assembled in the following order: data subframe up to Fc, T1, another data sub-frame, T2, another
data sub-frame, T3 and so on. Figure 2, explains
graphically how the multi terminations algorithm is
applied at the encoder for turbo code to generate
multiple inserted termination bit tuples for the data
frame. The completed frame is transmitted through the
channel and the receiver checks for the length received.
If the frame is received completely regular decoding
algorithm is carried out. In case only a part of the frame
is received (uncompleted frame) the decoder works on
the part of the frame from the beginning of the frame to
the last received termination Ti for i = (1, 2…n). Thus,
general turbo-decoding algorithm is carried out on a
shorter block. Figure 3 explains how the multi
terminations algorithm is applied at the decoder.

Figure 3: Turbo Code Decoder Algorithm

3 - SIMULATION RESULTS
Simulations were performed for CCSDS type codes of
rates 1/2 and 1/3 and the standard frame length 1784 as
a case study. Figure 4, shows the comparison between
the performance of traditional decoding algorithm (- ) and the proposed algorithm (─○) for frame length
1784 and rate 1/2. Figure 5, shows the comparison
between traditional decoder algorithm (- -) and the
proposed algorithm (─○) for frame length 1784 and rate
1/3. The performance curves look like step functions.
The functions change their values when the length of
the incomplete frame, i.e., the length of the received
part of the frame, equals to the position of the inserted
termination bits. If the length of the received part of the
frame is larger then a position of one termination bit
tuple T1 but smaller than the position of the next
termination tuple T2 then only the data located before
the earlier termination tuple C1 can be recovered. The
performance curve gets smother as 
increases,
however, this comes at the cost of increasing code rate
loss due to the larger number of inserted termination
bits.

Figure 2: Turbo Code Encoder Algorithm
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The code rate calculated for the case of r =1/2, m = 4, a
= 4, K=1784 is
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Table 1: simulation results summary for figures 3 &
4 for the original frame length of 1784 and rates 1/2
and 1/3
Frame
length
received
1784
1736
1688
1640

Figure 4: Comparison between Traditional Decoder
Algorithm (- -) and the Proposed Algorithm (─○)
for Frame Length 1784 and Rate 1/3

1592
1544
1496

BER for rate 1/3 at
Eb/No=0.8 dB
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Figure 6: Performance Comparison Between the
Traditional Turbo Decoder Algorithm (- -) and the
Proposed Algorithm (─○), They meets on Complete
Frame Received

Figure 5: Comparison between Traditional Decoder
Algorithm (- -) and the Proposed Algorithm (─○)
for Frame Length 1784 and Rate 1/2
From Figures 4 & 5, we conclude that in case of
CCSDS frames, an incomplete frame of length equal to
1500 bits can be recovered with bit error rate (BER)
≈10-5 (shorter frame lengths can be recovered with
higher BER) In addition, the value for “a” can be
chosen to be “7” (calculating termination every 48 bits)
which gives a good trade-off between performance and
the code rate. When substituting r =1/3, m = 4, a= 7,
K=1784 into (2), the following value for the resulting
code rate is obtained:

When applying (2) to calculate the exact rate for the
new algorithm for rates 1/3 and 1/2 we observe that
the rate loss due to the application of the proposed
algorithm is negligible. However, the chance of
recovery of uncompleted frames is significantly
increased as demonstrated by simulations in Figures 4 &
5. For example, in case 1700 bits out of 1784 bits are
received for rate ½ code, the proposed algorithm can
recover 1700 bits with BER =10-5. On the other hand,
for general turbo decoding algorithm this 1700 bits can
be recovered with BER = 10-3 which is unacceptable
value for data recovery. The performance improvement
of the proposed algorithm is 20dB, see equation below:

Km
1
 0.33 $
R K  m R m a
3
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BER for rate 1/2 at
Eb/No=1.5 dB
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Since most of the time practical transmission works
with complete frames it is important to note that the
proposed algorithm has the same performance as the
standard algorithm for the case of complete frames as
shown in Figure 6. The benefit of the new algorithm is
observed for uncompleted frame reception, when the
new algorithm is capable of recovering data frames
with gains of the order of 20dB over the standard turbodecoding algorithm.
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4 - CONCLUSIONS
In this paper, we propose a modification to turbo
encoding and decoding algorithms which provides an
ability to recover uncompleted received frames with
better bit error rate. The proposed modification causes
negligible rate loss and a slight increase in encoder and
decoder complexity. In normal situation, when the
frame is received completely, the two algorithms have
the same performance, but if the received frame was
uncompleted the proposed algorithm is capable of
recovering the original data with significantly better bit
error rate compared to the standard turbo decoding.
The proposed algorithm has been tested on CCSDS
turbo codes of rates 1/2 and 1/3 with information frame
length of 1784 bits. Reception of incomplete frames of
lengths between 1500 and 1784 bits has been
considered and bit error rates lower then 2*10-4 have
been achieved by the modified decoding algorithm. For
incomplete frames which are 1700 bits long the
modified decoder provides a 20dB gain over the
standard turbo-decoding algorithm.
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